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Abstract 
In Indonesia, many housing constructors are using asbestos as roofing which is partly supplied by PT BBI among 
many other suppliers. For PT BBI, the quality issue of asbestos roofing has been one of its key success factors in 
winning its customers loyalty. Therefore, PT BBI has set its strategic initiative to improve the quality of this product. 
Before the initiative was conducted, the sigma level was at 4.91 sigma with defect per million (DPMO) level at 200 
units. By implementing six sigma methodology, the team found that this condition was mainly caused by side flat as 
its dominant defect type due to speeding up the curing time without simultaneously increasing its temperature. To 
solve this problem, the team has proposed that the company should increase its temperature up to to 350°C by DOE 
(Design of Experiment) if it needs to speed up the curing time from normally 5 hours to 4 hours. As the result, the 
quality figure was better with improved sigma level to 5.02 sigma and DPMO level at 180. This result might not be 
significant because there were still many other defect types found in the product that should be followed up by 
continuous improvement in the company.  
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1. Introduction 
PT BBI is one of roofing product manufacturer in Indonesia. It produces various types and sizes of 
roofing product including asbestos roofing which is mainly used by housing contractors. In this segment, 
there are many other suppliers therefore the quality of the product has been one of the company s key 
success factors. In order to remain its competitiveness in the industry, PT BBI has set its strategic 
initiative to improve its products. Therefore, the company has reviewed the customer feedback related to 
its product quality. From customer perspective, the company has quality issues on asbestos roofing 
especially with type Mini Harflex 14 (MHN 14). By this information, the company set up team in order to 
improve the product quality on MHN14.  
This project was begun by collecting data and factual condition of the production. During production 
period of June 2011, asbestos roofing with type MHN 14 (Fig.1(a)) had the most defected units covering 
almost 35% of all defect units reported by the department. This condition has urged the department to 
initiate an improvement initiative in order to improve the quality of the asbestos roofing at PT BBI using 
Six Sigma Methodology.          
Fig. 1. (a) Asbestos rooting with type MHN 14; (b) Product Specification 
2.  Research Methodology 
2.1 Problem Identification 
Problem identification was initiated by reviewing customer feedback on the product quality supplied to  
customers. From this feedback, the company was noticed that there was a quality issue especially MHN 
14. Therefore, it developed team to improve the product quality. Based on production data of June 2011, it 
was confirmed that MHN 14 was the most defected units in the month.  
2.2 Setting Objectives 
Once the problem has been identified, the company set its objectives based on Six Sigma methodology 
such as measuring current sigma level, finding out the dominant defect, initiating action plan to improve 
the product and finally measuring the improved sigma level. 
2.3 Data Collection 
Some data were collected in order to understand the problems such as production process, product 
specification, quality plan, and production and reject data on June 2011. 
2.4 Data Processing 
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In processing data, six sigma methodology was deployed in order to have a better understanding to the 
identified problem. This methodology consists of 5 steps as follows:  
Phase Define: In this phase, several employees were teamed up as stated in its project charter in order 
to have a clear project definition and to be shared among the employees. This team also formed up SIPOC 
(Supplier, Input, Process, Output, and Customer)  to have  a better understanding on the research scope.  
Phase Measure: In this phase, the team measured the current sigma by forming control chart of the 
current production process, calculating its DPMO (Defect Per Million) and matching it with sigma level to 
find out its sigma level. 
Phase Analyze: After sigma level was measured, the team proceeded the analyze phase. In this phase, 
the team try to figure out the possible roots of cause of the most dominant defect found by deploying fish 
bone diagram and failure mode and effect analysis (FMEA) in order to figure out what kind of action plan 
should be deployed in order to improve the product. 
Phase Improve: In this phase, the team deploy design of experiment (DOE) using ANOVA method in 
order to figure out the most favorable technical setting should be undertaken in order to improve the 
quality of the products. Once the setting was set out, a period of production deployment was undertaken in 
order to find out whether the improvement has been undertaken or not. 
Phase Control: In this phase, a recommendation was submitted in order to maintain the improved 
process to guarantee the undertaken improvement. Furthermore, a calculation on sigma level was also 
done in order to measure the level sigma. This calculation in turn would emphasize whether the 
improvement has been taken place or not. Computation of value index using the following formula:  
2.5 Analyzing Data 
All data gained from each phase were further analyzed in order to find out whether the improvement 
had taken place or not.  
2.6 Conclusion 
In this phase, we concluded our findings after using six sigma methodology. These findings led us to 
propose our recommendation to the company in order to improve the product. 
3. Discussion  
3.1 Phase: Define 
The following Pareto graph shows the reject data occurred in June 2011:       
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Fig. 2. (a) Pareto Graph of Reject Products; (b) Pareto Graph of Reject Types of MHN14 
The above diagram shows that MHN14 had the most defected units compared to others. Therefore, 
this type was selected in order to perform quality improvement initiative in the company. The product 
specification of MHN14 is described as fig.1(b). In order to have a clear focus, the reject data based on its 
reject category was collected and resulted in fig.2(a). The diagram has suggested that among MHN 14 
defected units, the dominant defected unit was Side Flat (fig.2(b)). This kind of reject is depicted as fig. 
3(a).        
Fig. 3. (a) Side Flat; (b) Project Charter 
After getting to find out that the dominant defected unit was side flat, the next phase was forming 
DMAIC project charter as depicted in Fig.3(b). The above project charter had initiated an improvement 
project on MNH 14 in order to reduce the defect of side flat from October to December 2011. In order to 
clarify the process of producing MHN14, a SIPOC diagram is used as depicted in table 1.  
Table 1. SIPOC       
Fig. 4. Control Chart Before Improvement 
From table 1, it described that the side flat might be found during Stacker Process. Therefore, the team 
focused on that area. 
3.2 Measure 
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The results in measure phase can be depicted as fig. 4. The figure has shown that the sigma level of the 
current production was about 4.91 sigma with DPMO level at 200 units.   
3.3 Analyze 
After gaining information about the defected unit and its sigma level, the next phase was about to analyze 
the root of cause of the defective unit as shown in fig. 5:         
Table 2. FMEA         
Fig. 5. Fish Bone Diagram 
From fig. 5, it suggested that the roots cause of side flat were due to production speed up and material of 
box vacuum was not strong enough. Those two roots cause were then evaluated to prioritize which one to 
be solved based on FMEA analysis as shown in Table 2. The figure suggested to propose temperature 
setting when speeding up the production process with highest priority number of 448 (8 occurrence, 8 
severity and 7 Detection) compared to the other root of cause (392). 
3.4 Improve 
In order to find out the most properly solution to improve the product, an experiment based on DOE was 
deployed using the setting as shown in Table 3. 
Table 3. DOE    
Fig. 6. MINITAB results on ANOVA 
The above table suggested to do experiment on setting the temperature and curing time in which the result 
can be described as shown in fig. 6. The figure suggested that the interaction of temperature and curing 
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time (P value < 0.05) may provide the most signification impact to the quality of product. In order to find 
out what the most impactful setting of temperature and curing time, the following figure was further 
analyzed:      
Fig. 7. (a) Cube Plot; (b) Control Chart After Improvement 
Fig.7 (a) suggested that the best combination setting (98.0 as described) was temperature at 350 °C (+) 
and curing time 4 hours (-). This setting was proved to improve the quality of product. 
3.5 Control  
In order to maintain the improved, a Standard Operating Procedure (SOP) was set and a control chart was 
mapped to control the results as shown in the fig.7(b). The above control chart has proved that side flat 
reject was reduced after deploying this methodology. For the figure, we can derive that the sigma level 
was also improved from 4.91 to 5.02 with DPMO 180 units.  
4. Conclusion 
After conducting this research, we have found that:  
1. Current sigma level of the production was 4.91 sigma with DPMO level at 200 units. 
2. The dominant defect type was side flat that was triggered by speeding up curring time without proper 
increase in the temperature. 
3. The company should increase the temperature when speeding up the curing time to avoid the side flat 
types. From Design of Experiment, we found that if the company need to speed  up from 5 hours to 4 
hours then it should increase the temperature up to 350°C.  
4. Improved sigma level was 5.02 sigma with DPMO level at 180 units. This result may not be 
significant because it did not met required 6 sigma, therefore, the company should continuously 
improve its process. 
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